Abstract. Angiogenesis is associated with prostate cancer (PCa) development and progression. Aberrant expression of C-terminal binding protein (CtBP)2 has been observed in PCa, but whether its change in expression plays a significant role in angiogenesis has not been completely characterized. we attempted to integrate and analyze the genome-wide association study (GWAS) of follicle stimulating hormone receptor (FSHR) and CtBP2, the Cancer Genome Atlas (TCGA) data and CtBP2 binding data in CistromeMap (18) to explore the mechanism of CtBP2 in PCa, and performed pathway enrichment analysis. We revealed that the top 6 pathways were closely related with angiogenesis. We used siRNA and overexpression plasmids to silence and overexpress CtBP2 expression. Altered expression of CtBP2 affected the expression of VEGFA, FSHR, FHL2 and SMAD3 which are closely related with angiogenesis. In addition, silencing of CtBP2 markedly increased the apoptosis of PCa cells in vitro, and decreased the expression of IL-8, AT2R, CCND1 and MMP9 which are associated with cancer progression. These results highlight the association between CtBP2 and angiogenesis in PCa and indicate that CtBP2 may be a potential therapeutic target for PCa.
Introduction
Prostate cancer (PCa) is one of the most common cancers of the male reproductive system and the second leading cause of cancer-related death among men worldwide. In 2015, 41,210 cancer deaths were estimated among males, where 6,801 were from PCa (1). At present, for patients diagnosed with clinically localized cancer, effective treatments for PCa include radical prostatectomy, radiotherapy or androgen-deprivation therapy. However, approximately 15% of patients present with local recurrence or develop metastatic tumors (2) . Additionally, some patients develop castration-resistant prostate cancer (CRPC), for which treatment is limited and the death rate is high (3, 4) . Therefore, it is important to clarify the mechanism of tumor development and progression to optimize therapeutic strategies for PCa.
The C-terminal binding proteins (CtBPs) were initially identified as binding partners of the E1A protein (5) . The CtBP family members CtBP1 and CtBP2 are highly homologous transcriptional corepressors, which are conserved in both vertebrates and invertebrates (6) . Recent studies have observed aberrant expression of CtBPs in many human malignancies, such as ovarian cancer, melanoma, breast cancer and esophageal squamous cell carcinoma (7) (8) (9) (10) . Growing evidence shows that CtBP2 is aberrantly upregulated in PCa and its expression is associated with cancer development and progression (11) (12) (13) .
Angiogenesis is an essential process in tumor development, and is an important focus of cancer research and therapy and may be a target of cancer therapy as the survival and proliferation of cancer depend on angiogenesis (14) . Among the many molecular markers associated with tumor angiogenesis, the Tel gene has been shown to play an evolutionarily conserved role in angiogenesis. Tel is indispensable for the sprouting of human endothelial cells and for normal development of the Danio rerio blood circulatory system. Tel orchestrates endothelial sprouting by binding to the generic co-repressor, CtBP, and forms a Tel-CtBP complex, which temporally restricts a vascular endothelial growth factor (VEGF)-mediated pulse of Dll4 expression and thereby directly links VEGF receptor intracellular signaling and intercellular Notch-Dll4 signaling (15) . Thus, we propose that CtBP2 may play an important role in angiogenesis in PCa.
Follicle stimulating hormone receptor (FSHR) is thought to play a critical role in reproductive physiology in the ovary and spermatogenesis by promoting follicular growth and estrogen synthesis. Stilley et al (16) revealed that FSH is as efficacious as VEGF in promoting angiogenic processes and stimulating angiogenesis directly. Yang et al (17) demonstrated that FSHR is a highly selective tumor vasculature marker in both primary and metastatic tumors. In this study, we attempted to integrate and analyze the genome-wide association study (GWAS) of FSHR and CtBP2, the Cancer Genome Atlas (TCGA) data and CtBP2 binding data in CistromeMap (18) to explore the mechanism of CtBP2 in PCa.
Materials and methods
Bioinformatic analysis. First, mRNA expression of CtBP2 and FSHR were extracted from lymphoblastoid cell lines of 210 HapMap unrelated individuals at the NCBI's Gene Expression Omnibus website (http://www.ncbi.nlm.nih. gov/geo/); series number GSE6536 (19) . In order to find a relationship between CtBP2 and FSHR expression and the corresponding Genome-wide genotype, the phase III genotype of these 210 unrelated individuals was downloaded from the HapMap website. We used Plink software to carry out the association analysis between CtBP2 and FSHR expression and the corresponding Genome-wide genotype on Chinese (CHB) and Japanese (JPT) populations. The annotation of these SNPs was performed in SNPfunc (http://snpinfo.niehs.nih.gov/snpinfo/ snpfunc.htm) (20) . CtBP2 binding data in LNCaP cell lines was downloaded from CistromeMap database (18) . All clinical and mRNA expression levels (level 3 data, RNA-seq version 2) of PCa patients (PRAD) were downloaded from TCGA data portal (https://tcga-data.nci.nih.gov/docs/ publications/tcga/) until August 29, 2015 . The patients who suffered from other malignancies or received neoadjuvant therapy were removed.
Cell culture. The prostate carcinoma cell lines LNCaP, DU145 and PC3 were obtained from the American Type Culture Collection (ATCC nos. HTB-81™, CRL-1435™, CRL-1740™). All cell lines were cultured in T-75 flasks to 80% confluence at 37˚C in a humidified incubator containing 5% CO 2 (Thermo Fisher Scientific). LNCaP cells were grown in RPMI-1640 medium, DU145 and PC3 cells in Dullbecco's modified Eagle's medium (DMEM/F12; Hyclone, Logan, UT, USA) both supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, Waltham, MA, USA) and 1% penicillin/streptomycin (100 U/ml penicillin and 100 µg/ml streptomycin; Hyclone).
RNA interference assay. LNCaP, DU145 and PC3 cells were transfected with various siRNAs targting CtBP2 (catalog nos.: CtBP2-Homo-451, CtBP2-Homo-778, CtBP2-Homo-1021), and negative siRNA with a random sequence was used as a control (Suzhou Genepharma Co., Ltd., Suzhou, China). The cells were seeded into 6-well plates at a density of 5x10 5 cells/ well, and cultured at 37˚C with 5% CO 2 until the cells reached 80% confluency. Lipofectamine 2000 reagent (Thermo Fisher Scientific, Inc.) was used for the transfections according to the manufacturer's instructions. The siRNA sequences are shown in Table Ⅰ. CtBP2 overexpression. LNCaP, DU145 and PC3 cells were cultured in 6-well plates and transiently transfected with 2 µg of cDNA coding CtBP2, and the vector pcDNA3.1 was cloned into the cells. Lipofectamine 2000 reagent was used for transfection according to the manufacturer's protocol. The DNA was diluted in OptiMEM (Invitrogen, Life Technologies Co., Carlsbad, CA, USA) combined with Lipofectamine 2000, and incubated for 20 min at room temperature. After incubation, the complex was added to the culture medium of each cell line, and cultured at 37˚C with 5% CO 2 .
RT-PCR. The expression of CtBP2 was analyzed after transfection. The primers for CtBP2 were as follows: 5'-ACTGTG GCCTTCTGTGACGC-3' forward and 5'-CTGGTGAGGGT GATGGTGTG-3' reverse. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a normalization control and was also amplified, and the primers were: 5'-TCATGAAGTGT GACGTGGACATC-3' forward and 5'-CAGGAGGAGCAAT GATCTTGATCT-3' reverse. The PCR reaction conditions were as follows: denaturation at 98˚C for 3 min; 32 cycles of denaturation at 98˚C for 10 sec; annealing at 60˚C for 30 sec; and extension at 72˚C for 1 min. The final extension was performed at 72˚C for 5 min. The real-time PCR reaction was performed in biological triplicates using the Applied Biosystems StepOne Plus real-time PCR system (Applied Biosystems, USA Flow cytometry. LNCaP, DU145 and PC3 cells were collected 48 h after transfection, and cell density was adjusted to 1x10 6 / ml. Cell suspension (0.5 ml) was placed in a centrifuge tube, and 1.25 µl of Annexin V-FITC (Nanjing KeyGEN Biotech Development Co., Ltd.) was added to the centrifuge tube. The whole system was carried out in a dark room at room temperature for 15 min, and centrifuged at 1,000 x g for 5 min. After the supernatant was discarded, the cells were gently treated with 0.5 ml of cold-binding buffer to re-suspend. Ten microliters of propidium iodide (PI) was used and flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA) was immediately used for detection analysis.
Statistical analysis. Statistical analysis comparisons between groups were evaluated by using independent-samples t-test in SPSS 22.0 statistical software (SPSS Inc., Chicago, IL, USA). P<0.05 was indicative of statistical significance. All values are expressed as mean ± SEM.
Results
CtBP2 function mining by bioinformatic analysis. We used an online tool (http://bioinformatics.psb.ugent.be/webtools/ Venn/) to generate custom Venn/Euler diagrams for 4 datasets, including the genes of two datasets associated between CtBP2 and FSHR expression and HapMap genome-wide genotype, one dataset of binding with CtBP2 in CistromeMap database (18) , and one for the significant difference of mRNA expression between PCa and adjacent tissues from TCGA. Overlapping genes (1,448) were found in these 4 datasets (Fig. 1A) . Pathway enrichment was performed using DAVID (https://david.ncifcrf. gov/) (21), and 32 pathways were found to be enriched (Fig. 1B) . Among these enriched pathways, the top 6 pathways were calcium signaling pathway, arrthythmogenic right ventricular cardiomyopathy (ARVC), axon guidance, focal adhesion and vascular smooth muscle contraction (VSMC) pathway. We further investigated 5 genes (CtBP2, FSHR, VEGFA, FHL2 and SMAD3) in the 1,448 overlapping genes which were closely correlated with angiogenesis (15) (16) (17) (22) (23) (24) . The results showed that there were significant differences between the expression of these 5 genes in the TCGA between PCa and normal adjacent tissues (Fig. 1C) .
Knockdown of the CtBP2 gene using siRNAs in the PCa cell lines. In order to ascertain the potential function of CtBP2 in PCa, we uses siRNAs to interfere with endogenous CtBP2 gene expression (gene ID, 1488). Overall, 3 siRNAs were transfected into LNCaP, DU145 and PC-3 cells, respectively, with transfection of the negative siRNA as control. Twenty-four hours after transfection of the siRNAs, CtBP2 mRNA expression was detected by RT-PCR. The results showed that, compared to the NC group, CtBP2-siRNA-451, CtBP2-siRNA-778 and CtBP2-siRNA-1021 significantly decreased CtBP2 expression in the LNCaP and PC-3 cells, while CtBP2-siRNA-451 and CtBP2-siRNA-778 increased CtBP2 expression in the DU145 cell lines, and only CtBP2-siRNA-1021 decreased CtBP2 in all cell lines. Therefore, CtBP2-siRNA-1021 was selected for the subsequent experiments (Fig. 2) .
CtBP2 expression in LNCaP, DU145 and PC-3 cells after knockdown and overexpression.
CtBP2-siRNA-1021 was transfected into the LNCaP, DU145 and PC-3 cells, with negative siRNA used as the control. Twenty-four hours after transfection of CtBP2-siRNA-1021, CtBP2 expression was detected by qRT-PCR and the Wes system. Except for the Wes system of CtBP2 in the LNCaP cells which did not achieve a significant difference, RT-PCR and the Wes system results in the other cell lines demonstrated a obvious decrease in CtBP2 compared to the NC group (Fig. 3A and B) . Meanwhile, overexpression of CtBP2 in the LNCaP, DU145 and PC-3 cells with the expression plasmid pcDNA3.1 showed opposite results. Except for CtBP2 in the LNCaP cells as detected by the Wes system, RT-PCR and Wes system results in other cell lines demonstrated a notable increase in CtBP2 compared to the NC group ( Fig. 3C and D) .
Expression levels of CtBP2, FSHR, VEGFA, FHL2 and SMAD3 in PCa cells
. qPCR was used to detect the expression of CtBP2, FSHR, VEGFA, FHL2 and SMAD3 after transfection of CtBP2-siRNA-1021 into the LNCaP, DU145 and PC-3 cells (Table Ⅱ) . In the LNCaP cells, FSHR, VEGFA and FHL2 mRNA levels were significantly decreased in the CtBP2-siRNA group when compared with levels in the NC group (p<0.001). In the DU145 cells, FSHR, VEGFA and SMAD3 showed a significant decrease between the CtBP2-siRNA group and the NC group (p<0.05). In the PC-3 cells, VEGFA and FHL2 showed an obviously significant difference (p≤0.001) (Fig. 4A) .
After pcDNA3.1-CtBP2 transfection, FSHR and VEGFA mRNA levels were significantly increased in the LNCaP cells compared to levels in the pcDNA3.1+CtBP2 and pcDNA3.1 groups (p<0.001). A significant difference in FSHR and VEGFA mRNA expression was noted in the DU145 cells (p<0.001). FSHR, VEGFA and SMAD3 mRNA expression also showed a significant difference (p<0.001) in the PC-3 cells (Fig. 4B) .
Taken together, interference with the expression of CtBP2 effectively affected the expression of FSHR and VEGFA. This indicates that CtBP2 may play an important role in angiogenesis.
Cell apoptosis of LNCaP, DU145 and PC-3 cells. Forty-eight hours after transfection, flow cytometry was used to determine the cell apoptotic rate. CtBP2-siRNA-1021 promoted cell apoptosis in the LNCaP, DU145 and PC-3 cells (Fig. 5A ). There was a significant increased in the cell apoptosis rate in the CtBP2-siRNA group compared to that in the NC group in the LNCaP and DU145 cells (t=18.377, p=0.024 and t=15.080, p=0.006, respectively). However, there was no significant difference in the cell apoptosis rate between the CtBP2-siRNA group and the NC group in the PC-3 cells (p=0.250) (Fig. 5B) .
CtBP2 overexpression inhibited the apoptosis levels in the LNCaP, DU145 and PC-3 cells 48 h after transfection (Fig. 5A ). There was a significant decreased in the cell apoptosis rate between the pcDNA3.1+CtBP2 group and the pcDNA3.1 group in the LNCaP and DU145 cells (t=16.423, p=0.035 and t=15.080, p=0.006, respectively). There was also no significant difference between the cell apoptosis rate in the pcDNA3.1+CtBP2 group and the pcDNA3.1 group in the PC-3 cells (p=0.427) (Fig. 5B) .
Expression of downstream signaling markers in LNCaP,
DU145 and PC3 cells. To identify the biological consequences of CtBP2 interference, we next investigated the expression of subsequent downstream markers including IL-8, AT2R, CCND1 and MMP9. After knockdown and overexpression of CtBP2 in LNCaP, DU145 and PC-3 cells, qPCR was used to detect the expression of IL-8, AT2R, CCND1 and MMP9. The primers of CtBP2-associated downstream genes are shown in Table Ⅱ . IL-8, AT2R, CCND1 and MMP9 were significantly decreased between the CtBP2-siRNA and the NC group in the LNCaP, DU145 and PC-3 cells (Fig. 6A) . In regards to pcDNA3.1 containing CtBP2, IL-8, AT2R, CCND1 and MMP9 showed a significant increase in the LNCaP and PC-3 cells compared with the pcDNA3.1 group. Additionally, IL-8, AT2R and MMP9 were significantly increased in the DU145 cells compared with that in the pcDNA3.1 group (Fig. 6B) .
Discussion
CtBP2 is a transcriptional co-repressor which has been observed to mediate the repression of the tumor-suppressor gene product, p16(INK4A) (10). Takayama et al (13) demonstrated that CtBP2 modulated the androgen receptor to promote PCa cell proliferation through c-Myc signaling and also promotes PCa progression (11) . Aberrant expression of CtBP2 has been found to be associated with tumorigenesis, tumor progression and poor prognosis of PCa (12, 26) . In this study, we provide evidence that CtBP2 is closely related with angiogenesis in PCa, and its expression change significantly affects the apoptosis of PCa cells (LNCaP, DU145 and PC-3) and the downstream markers IL-8, AT2R and MMP9.
Formation of functional vasculature is an essential requirement for most physiological processes and the growth of mammalian tissues. Angiogenesis, the formation of new blood vessels from pre-existing vasculature, is important for tumor development and progression (27) . Our bioinformatic analysis indicated that the top 6 pathways of CtBP2-related genes were correlated with angiogenesis. VEGF and its receptors VEGFR1/VEGFR2 play major roles in controlling angiogenesis, including vascularization of solid tumors. VEGF-induced neoangiogenesis is mediated by NAADP and two-pore channel-2-dependent Ca 2+ signaling (27 ] c ) (28) . Axon guidance represents a key stage in the formation of neuronal network. Meucci et al (29) identified that Axon guidance and focal adhesion pathways regulate cell motility, tumor invasion and angiogenesis leading to less aggressive tumors in older age patients. Dilated cardiomyopathy pathway is also reported to be related to angiogenesis (30) .
The 5 overlapping genes (CtBP2, FSHR, VEGFA, FHL2 and SMAD3) obtained by bioinformatic analysis showed that there was a significant expression difference in these genes between PCa and normal adjacent tissues. Following knockdown and overexpression of CtBP2, the expression of FSHR and VEGFA were notably affected in all cell lines. In most of the experiments, the expression of FHL2 and SMAD3 was also markedly affected by CtBP2 interference. VEGFA can induce proliferation and migration of vascular endothelial cells, and is essential for both physiological and pathological angiogenesis (31) . FSH is as efficatious as VEGF which is a well-characterized angiogenic factor in promoting angiogenic processes, and is a highly selective tumor vasculature marker, which is abundant in both primary and metastatic tumors (16, 17) . FHL2 serves a repressor function in cardiomyocytes through its ability to inhibit ERK1/2 transcriptional coupling (23). SMAD3 is essential for signaling of transforming growth factor β (TGF-β) pathway. A role for TGF-β in modulating VEGF release has been proposed in several cell types, such as glioblastoma (24) . These results indicate that CtBP2 plays an important role in angiogenesis.
The association between CtBP2 overexpression and tumorigenesis and poor clinical outcome and tumor progression of PCa has been reported (11, 12) . In this study, we further demonstrated that the alteration in CtBP2 expression obviously affected the apoptosis of PCa cells (LNCaP, DU145 and PC3). Zhang et al (25) revealed that suppressed expression of CtBP2 in PCa PC3 cells markedly inhibited cell proliferation by inducing apoptosis in vitro. In this study, we further confirmed that inhibition of CtBP2 induced apoptosis in PCa cells (LNCaP, DU145 and PC3). On the contrary, upregulation of CtBP2 inhibited the apoptosis of PCa cells. A more recent study demonstrated a critical function for CtBPs in the transcriptional repression of pro-apoptotic genes such as Bax, Puma, Bik, and Noxa (32).
In conclusion, CtBP2 expression is associated with PCa development and progression. We integrated and analyzed 4 datasets from CtBP2 and FSHR GWAS, CtBP2 binding data and the significant difference in PCa mRNA from the TCGA database, and performed pathway enrichment. We revealed that the top 6 pathways were closely related with angiogenesis. CtBP2 interference indicated that its expression alteration also affected the expression of VEGFA, FSHR, FHL2 and SMAD3 which are closely related with angiogenesis. In addition, CtBP2 markedly affected the apoptosis of PCa cells in vitro, and impacted the expression of IL-8, AT2R, CCND1 and MMP9 which are associated with cancer progression. These results highlight the association between CtBP2 and angiogenesis in PCa and indicate that CtBP2 may be a potential therapeutic target for PCa. The molecular mechanisms underlying the regulation of angiogenesis by CtBP2 warrant further in vitro and in vivo investigation.
